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Computational fracture mechanics has been the focus of most of the applications in the field of the
XFEM. Since the first study by Belytschko and Black [1] introducing the branch enrichments for linear
elastic fracture mechanics (LEFM), different enrichment strategies have been suggested for LEFM as
well as for cohesive cracks. The classical branch enrichment functions have singular derivatives in order
to capture the singular stresses and strains at the crack-tip.
Linear elastic fracture mechanics is only relevant when the size of fracture process zone (FPZ) is
negligible as compared to the crack size and the size of the specimen. Different material models such as
the cohesive crack model need to be considered when the size of FPZ can no longer be neglected. In such
cases, stresses are no longer singular at the tip of the FPZ. Therefore, the standard branch enrichments
are not adequate. For example, non-singular enrichment functions such as those proposed by Moës and
Belytschko[2] can be used.
A optimal set of model-independent enrichment functions is proposed that span the complete range
between a mild gradient as in the case of cohesive cracks to a near singular gradient as for brittle fracture.
An optimization study is conducted to find the optimal set of enrichment functions to minimize the error.
In the case of brittle fracture, better results are obtained as compared to those obtained by the classical
branch enrichments. Test cases for static and quasi-static cracks are presented to show the utility and
robustness of the proposed technique.
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